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STUDYOF SIZEEFFECTIN SHEET-STRINGERPANELS

I& J. P. Donmnand Edwrd B.

The objectof this studywas to determine

Schwartz

whetherthereare signif-
icantsizeeffectsin compressivestrengthof largeZ-stiffenedshe=t-
stringerpanelsas comparedwith geometricallysimilarsmsUer models
and thus to ascertainwhetherthe predictionof the strengthof large
panelsby modeltests is reliable.

---

The specimensfor the studywere manufacturedfrom 7075-T6 aluminum
auoy. Therewere fourrepresentativetypesof paneldesigns,with full-
scaleand one-quarter-scalepanelsof eachtype.

A comparisonof the averagefailingstressesshowsthat thereis no
significanteffectdue to the panel size.

For the panelstested,whichfailedby general.instability,there
was no significantcompressive-strengthsizeeffectbetweenthe large
Z-stiffenedprotatypeand geometricallysimilarmodelpsmil.s.

IMTRODUCII!IOM

With the adventof largeaircraftand high~ loadings,it has
becomenecessaryto test scale-modelpanelsbecauseof limitationsof
testing-machinesizesand loadingcapacities.Geometricallysimilar
modelsof differentsizesshould,theoretically,all fail at the same
stress;however,sizeeffectsof varioussortsmight influencethe failing
stress. The sizeeffectsmq be presentbecauseof variationof mate-
rialpropertieswith sheetthiclmess,accuracyof construction,the
impracticabilityof extendingthe geometricalsimilarityto the riveting,
and variousotherfactors.

The objectof thisprojectwas to determinewhetherth=e are sig-
nificantsizeeffectsin compressivestren@h.of largeZ-stiffenedsheet-
stringerpanelsas comparedwith geometricallysimilarsmallermcdelsand
thus to ascertainwhetherthe predictionof the strengthof largepanels
by modeltestsis retible.
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This workwas conductedat the AeronauticalStructuresLaboratory
of the NavalMr MaterialCent= and has been made awailableto the
NationalAdvisoryCommitteeforAeronauticsfor p@ilicationbecauseof
its generalinterest.

The test spechnensfor this studywere manufacturedby standardpro.
ceduresusingstandardsheetmaterialof 7075-T6 shmimm alloy and
availablealuminum-allqrivets. The stiffenerswere extrudedfrom
specialdies in orderto have Z-stiffenersof desiredproportionsand to
obtaingeometricsimilarity,but standardAluminumCompanyof America
extrusiontolerances,outlinedin reference1, were used.

Thepanelswere designedin accordancewith the methodof designing
for maximumstructuralefficiency,as outlinedin reference2. The basic
parametersand theirrepresentativevaluesused in the fourtypesof
paneldesignsare presentedin tdble1. Reference2, whichdeslswith
2024-T,was usedbecause,at the time of designingthe panels,no design
chartsfm 7075-T6panelswere available.Withoutactualtestwork there
was no way of accuratelyobtaininganalogoussetsof curvesfor 7075-T6.
Therefore,for lack of a bettermethod,it was assmed that the nondimen-
sional.,optimum-panel-proportioncurvesfor 2024-Twouldholdwith suffi-
cientaccuracyfor 7075.T6. The diameter and pitchfor the rivetsof the
panelswere chosenin accordancewith references3 and 4 in orderto
obtainoptimm strengthand practicalspac5ngs.

Three panelsof each of the fourtypeswere manufactured.Geometri.
~ s~~ panels,01.N?=WfWkr scale of the designedpanels,were also
manufactured,us* standardproceduresand standardsheetthicknesses.
Comparingthe paneldesignsfor this studyagainstthe stiseqpentlypub.
lisheddesignchartsfor 7075-T6 in reference5, the chartsshowthat the
panelproportionswere not far fromthe minimm weightproportionsand.’ s
that the panelswere to fail.as CO1- withoutprevioussheetbuckling.

The ends of all panelswewe machinedto givegood contactsurfaces.
Eachpanelwas installedin the testingmachineend loadedto 3 percent
of the predictedfailingload. The contactsurfaceswere visuallychecked
and remachined,if necessary,to give a good contactwith the testhg.
machineplatens.

The finalmaclxlneddimensionsof the full-and one-quarter-scale
panelsare presentedin tableII. The synibolsfor the dimensionsare
definedin figure1 and ti a~endix A.

.

All panels had slL4 electricalresistance-wirestraingagesinstalled ,
back to back acrossthe centerof the panel on the sheetin the tiddleof

_..
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,: eachhey. The full-scalepanelshad additionalback-to-backgages
installedacrossthe centerof the panelon the outstandingflangesof
the Z-sections.

METHOD

The panelswere testedin compressionto failurein the 5,0~,0(M-
pound-capaci~,universal,hydraulic,testingmchine. Figure2 showsa
full-scalepanelbeing installedin the testingmachine. The panelswere
centeredin the testingmachine,held straigktend in positionby the
test--machine dining bars,and loadedto 3 percentof the estimated
failingload. The aliningbars were withdrawnfromthe panel in orderto
,checkthe contactsurfacesbetweenthe machineplatensand the specimens.
Stratireadingswere takenat conveni=t incrementsof load in Orderto
determinewhetherthe panelswere loadedevenlybetweenthe sheetand
stiffenersand acrossthe panelwidth. The two tapered“levelingdisks”
of the testingmachinewere movedas necessaryin orderto tiltthe
loadingsurfaceof the testingmachineto obtaineven load distributions.
Less than 10-percentvariationin strainreadingsat 15 percentof the
estimatedfailingloadwas consideredevenloaddistribution.!T!hestrati
gagesw=e read duringtestsin orderto detect,by the strain+eversal
method,the presenceof buckldng. The loadsindicatedwere accurateto
withinfi/2 percentof the true load applied.

Compressioncouponswere made and testedtiom each componentof all
panelsin orderto find a O.2-percent-offsetcompressiveyieldstressfor
the panelmeterials.

RESULTS

The fa~g loadsand calculatedstresses(P/A)for the panelsare
presentedin tsbleIII. In orderto obtaindata comparableon the basis
of the samematerialstrength,the mean stressesfor the one-querter-
scalepanelswere correctedfor differencein materialstrength between
ths full-and one-quarter-scalepanelsaccordingto the nondimensional
material.correction chertfor 7075-T6clad sheetin reference6. Both
correctedend uncorrectedstressesare includedin tableIII.

Figures3 to 14 showthe failedspecimensin orderof type. First,
two viewsof eachlargepaneltype are shownand then one view of each
smalltype is shown. All panelsfailedsuddenly,as columns,and no
interrivetor sheetbucklingoccurred.

,
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The averagecomprei3sive
the 7075-T6materialwere:

Full-scalesheets,psi . . .
Full-scalestiffeners,psi .
l/4-scalesheets,ysi . . .
l/4.scalestiffeners,psi .

mm m 3756

yieldstrengths(0.2-percentoflset)of

● ..*... . . . . . . . ● **. 77,160
. . .. *9* . . . . . . . . . . . 80,200
•0.~m.*. ● 9.**** . . . . 70,555
.9 . ...* . ...*.. ● ..* 74,630

Becausetwo of the faiklngstressesfor t% full-scaletypeD panelsare
very nearlyequalwhilethe thirdis considerablylarger,thereis a
tendencyto rejectthis largevalueas beingan “outlyingobservation.”
Althoughthis couldnut be justtiiedon the basis of thesethreestresses
alone,it canbe shownafteran esttmateof the experimetialerrorbased
on 21 otherfailingstressesthatthe differencebetweenthe largesttype
D panelobservation,58,650psi, and the otherD panelobservationsis
statisticallysignificantat the O.5-percentlevel. (SeeappendixB.)
Thismeansthat if the largestobservationis rejettedthe probabilityis
only1/200that a wrongdecisionwas made. In view of this,the high
stressfor the one typeD panel canbe rejected.

It canbe seen,by compsringthe averagefaiMng stressesin
tableIII,that the greatestvariationbetweenfull-and one-quarter-scale
panelsis otiy2.8 percent. Coqaring the full-scale-panelstresseswith
the correctedone-quarter-scalestressesshowsa reductionof variation
to 2.4 percent.

The only size-effectfactorobservedduringthe studywas the type
of failure. At”failureof the one-q@er-scale panels,the web and out-
standingleg of a few of the Z-sectionstiffenersjumpedoff the psnels.
At failureof full-scalepanels,nearlyall the Z-sectionstiffeners
eitherj~ed off or shattered.This effect~ be observedby comp~ing
the figuresshowingthe failedSpech.

,

.

CONCLUDINGREMARUS

Therewas no sigrdficantsizeeffecth the compressivestrengthof
the large-scaleZ-stiffenedpanelstestedas comparedwith geometrically
similarsmall-scalepanels. Therefore,the compressivestrengthof large-
scalepanelsfailingby generalinstabilitymsy be-predictedfrommodel
testsor accepteddesigndatapresentedas nondimensionalparameters.

. .

AeronauticalStructuresLaboratory,
NavalAir Material.Center,

Philadelphia,Pa., June 13, 1955.
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APPENDIXA

SYMBOLS

A cross-sectionalarea

bA width of attachedfhnge, in.

%’ width of outstandingflange,in.

bS spacingof stiffenerson sheet,in.

% width of stiffenerweb, in.

c coefficientof end fixity

d rivetdiameter,h.

L lengthof panel,h.

P load, kips

Pi loadper inch of panelwidth,kips/in.

P rivetpitch,h.

‘=%

s rivetspacing,in.

t~ thicknessof sheet,in.

% thicknessof stiffenerweb, in.

w width of specimens,in.

. . .. ---- .--. ——.. —-- -.— —— —— ..— —.-.——. .—— —— —-



6

——.. --

MM m 3756

Formula12.7.4 on page 333, of “StatisticalTheoryWith Engineering
Applications”by Held (ref.7) maybe written

where

1 -P,1= l-Y

n numberof observationsin sample (3 herein)

‘(n)P P-fiactileof cumulativedistributionof X(n)

‘(n) largestobservationin a sampleof n

z sample mean

% estimsteof pqxibtion variancecomputedfroma secondin@-
pendentsamplefrom samepopulation(herein,the remaining
21 observations)

f numberof degreesof freedomof this estimate(herein,
7X2= 14)

P normallydistributedvarhble with zeromean and uuitvariance

~Pl P~-fractileof p

The sampleof n is assumedto be dra= mom a normallydistributed
population.

.

Each groupof threestressesfurnishesan estimate,with two degrees
of freedom,of the populationvariance. On the assumptionthat all 7
suchvaluesare estimatesof the samepopulationvariance,they canbe
pooledto givea singleestimateof 14 degreesof freedom. Doingthis

.

“
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giveB

Valuesof wq cS.U

Applicationof

‘(n)= 58,650> x(n)99.5percent

Therefore,the value58,650psi canbe rejectedas an “outlyingobser-
vation”with 99.5-percentcertainty.

7

q = 1,650 lb

be obtainedfrom stsndardstatisticaltables.

the aboveformulanow showsthat

. .. . .- .-_.—. __ .____ _.. ..— — -.—— --



.

8 I?ACATN 3756

REFERENCES

1. Anon.: ~COa Structural. _OOk. ~minun Co. Of Am. (Pittslnmgh),
1950.

2. Schuette,Wan H.: Chsrtsfor the Minhum-WeightDesignof 24s-T
Aluminum-AlloyFlat CompressionPanelsWith LongitudinalZ-Section
stiffeners. NACAWR L-197,1945. (SupersedesNACAARR L5F15.)

3. Dow, NorrisF., and HiclmumjWilliamA.: Effectof Variationsh
Diameterand Pitchof Rivetson CompressiveStrengthof PanelsWith
Z-SectionStiffeners- Panelsof VsriousLengthsWith Close@iffener
spacing. NACA TN 1421,1947.

4. Dow, NorrisF., and IKckman,WillismA.: Effectof Variationin Diam-
eterand Pitchof Rivetson Cqressive Strengthof PanelsWith
Z-SectionStiffeners.I - PanelsWith CloseStiffenerSpacingThat
Failby LocalhlC~ . NACAWR L~, 1945. (SupersedesNACA
RB ri5G03. )

5. Itkkmm, William A., and Duw, NorrisF.: Direct-ReadingDesignCharts
for 75S-T6Aluminum-q Flat CompressionPanelsHavingLongitudinal
ExtrudedZ-SectionStiffeners.NACA TN 2435,1952.

& Anon.: Strengthof MetalAircraftElements. ANC-5,MuuitionsBoard
AircrsXtCommittee,Revisedcd.,June 1951.

7. Hald, A.: StatisticalTheoryWith EngineeringApplications.John
Wiley & Sons,fiC., 1952.

— .



9

.-

.

.

TABLEI

PAMELDESIGNPMWWTERS

Panel
type

A

B

c

D

structural
loading

parameter,
P+@

(a)

0.4

.4

.8

.8

tw/%

(a)

0.5

1.0

●5

1.0

(a)

0.25

.25

.25

.25

ts, in.

(a)

0.5

.25

95

.25

bA

(a)

9%

%

%

I 1 I I 1 --1-..

a Pi loadper inch of panelwidth,h.

L lengthof @.nel,in.

c coefficientof end.fixity

% thiclmessof stiffenerweb, in.

ts thiclmessof sheet,in.

%
width of

% width of

bA width of

outstandingfI.ange,in.

stiffenerweb, in.

attached}flange,in.

. . . . . . .. . ..-—— .—— .-. —- ——. . .-. .— .——— - - -. —.—- .—. ——----
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Pauel

type Full

scale

2,!29,000

A 2,350,000

2,330,000

1,732,000

B l,516,axl
l,a,ax

2,850,cxm
c 2,750,000

2,$00,000

l, W,000

D QOO,ooo

2,093,00C

T!fELE III

F-G LQADS ANO CALCULATED STRESSES

, lb IStress, P/A, psi [Mean a

-

lm,ooo &3,2%) 58,620

lp, alo 58,170 57@o 59,95
180,000 61,3b 61,coo

47,393 I 48,34o I

44,083 44,303

59,077 60,554 I
49,glo I 50,159 I

%ighest fdl.ingpan elstressrejected (~eesppaW.xB).

I
I
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for paneldimensions(seetableII and appendixA).
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L-93~99
Figure2.- Installingfull-scalepsnel h 5,000,000-pound–capaci-@””””

testingmachine.
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FQure 3.- L-93500 -Stiffenersideof failedfull-scaletypeA panel.
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Figure U.- Failedone-qu~e??-sc~ typeA panel. .
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Figure 12. - Failedone-quarter-scale@@e B panel.
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one-qxarter-scale
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